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- 
A wind-tunnel investigation has been  conducted. t o  determine the 

effects of' leading-edge ext;ensiona upon the  longitudfnal  characteristics 

4-0' of sweepback and NACA 64-A thidtmess  dLstribution. The .tests w e r e  made ~ 

at  a Mach  number of 0.25 and a Reynolds number of 8 mil l ion and at  Mach 
numbers varying from 0.25 t o  0.92 at a Reynolds number of 2 million. 

. of a wing-fuselage and wing-fuselage-tail combination h a a g  a wing with 

The addition of  the-leadlng-edge  extension from 0.60 semispan t o  the 
wing t i p  eliminated  large changes Fn longitudinal  stability of the wing- 
fuselage-tail cambination up to lift coefficients in excess of 1.0 a t  l o w  
speeds and resulted i n  sl ight increases Fn the lift coefficients a t  which 

. lazge changes i n  s tabi l i ty  occurred a t  high subcritical and supercritical 
speeds. k this  regard,  the chord extension was not so effective as the 
best combfaation of  WLng fences  previously  tested on this wing. The chord 
extension did not  decrease the t r b  lift-drag  ratios of the wing-fuselage- 
taiJ- combination a t  high subcritical speeds and -increased them slightly 
at  s u p e r c r i t i d  speeds, whereas the  fences cam6 about an 8-percent 
decrease Fn l i f t -drag ratio a t  Mach nmbers fram 0.70 t o  0.86. As was 
the case Mth  the wing fences,  addition of the chord extension had only  
R T "  effect on the Mach  number f o r  drag divergence. The leadfng-edge 
&ensions had little effect on the bKL contribution t o  s tabi l i ty  at  l o w  
epeed  and up t o  moderate lift coefficients at  high speed. 

IN'IXODUCTIOET 

A n  investigation has been made in the Ames 12-foot pressure A d  
tunnel to determine the  longitudinal  characteristics o f  wings suitable for . 
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. 
long-range airplanes capable of moderately high subsonic  speeds. TWCJ 
M s t e d  and cambered wings of r e l a t ive ly  h igh  aspect  ratio., one having 
NACA four-digit  and the  other having 1 + ~ ~ 6 4 A - ~ c k n e s s  dis t r ibut ion,  have - 
been investigated w%th 40°, 45O, and 50' of sweepback, and the  results 
are presented In  reference -1. All of these wingi experienced a severe 
deaeaee  in longi tudinal   s tabf l i ty  a t  moderate l i f t  coefficients due t o  
flow separation on the outer portions of the  span. The resu l t s  in refer- - 

ewes  2 and 3 show tht the i t ab i l i t y  chmact&ietics of these wings could 
be improved considerably by the use of multiple chordwise  fences; however, 
the  addi t ion of fences  resulted in modeate  increases  fn.drag  for low t o  
.boderate lift; coefficients a t  high subsonic  speeds. 

- 

" 

The present  phase of the  investigation wag .mde t o  determine  whether 
leading-edge e x t e n s i w . w o d d  improve the  icmgitudinal  stabil i ty  character-  
i s t i c s  of the wlng with NACA 64A thickness  di6trlbution  without  the drag 
p e n a l t i e s  associated  with  the fences. The wing wlth h0 of sweepback wa13 
t es ted  i n  combination with a fuselage and wfth leading-edge  extensions 
which were varied i n  spanwise extent. A comparison is ,made here in   o f ' tbe  
e f fec t  on the  longitudinal characterist ics  of the model of a leading-edge 
extension and of the best arrangement of fences found in t he  investigation 
reported in reference -3. The "Fuselage combination ~ 2 %  a leading-edge w 

extension was also tested  with an all-movable  horizontal tail t o  determine 
the effect of the Leading-edge "tension on the contribution of the tail. 
to static-longitudinal  s-bability and on tail. 

NOTATION 

A l l  wing areas and  dimensions  used 
unmodified m g .  

A b2 aspect  ratio,  - 2s 

the control  effectiveness of the 
. 

i n   t he   no ta t ion   r e fe r  t o  the . .. .. 

a mean-line designation,  fraction of  chord over which design  load 
is  uniform 

. -  

ELt lift-curve  lope of  .the isolated  horizontal  tai l ,  per deg 

awcf lif%-curve  slope of the win@;-f'uselage combination, p e r  deg 

aw+f+t l i f t -curve slope of the  wing-fUelage-tail cambination, per deg 

." . . . .  . 
" . . .. 

wing semispan perpendicular to  the  plane of  symmetry 

" 

P 

"- 
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lift coefficient, - lift 
qs 

pitching-mo-t coefficient about the  quarter  point of the wing 

mean aerodynadc chord, Pit- Moment 
s= 

local chord -parallel to   the plane of  symmetry 

local chord perpendicular t o  the wing sweep ax is  

JbiZc2dy 

Jb12C dY 

mean aerodynamic  chord, 

section  design lift coefficient 

Sncidence of the  horizontal ta i l  wTth respect t o  the wing root 
chord 

free-stream Mach  number 

free-stream dynamic pressure 

Reynolds number based on the wing mean aerodynamic chord 

area of semispan wing 

area o f  semispan horizontal tail . 

maximum thickness of section 

lateral  distance fran the plane of  symmetry 

angle of attack, measured w t t h  respect t o  a reference  plane 
through the leading edge  and m o t  chord of the w i n g  

angle of attack of the  isolated  horizontal t a i l  

effective average downwash . 

angle of twist, the  angle between the lo& wing chord and the 
reference  plane through the leading edge and the r o o t  chord of 
the wing (positive  for washin and measured in planes p a r a l l e l  
t o  the plane of symmetry) 

w 
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rl fraction of  in@; sem~span Y 
f b / 2  

&(%) tau efficiency  factor  (ratio of the lift-cqe slope of the 
horizontal tail when mounted on the  fuselage in  the flw 
f i e l d  of  the wing to the lift-curve  slope of the  ieolated 
horizolltal  tail) 

f 

t 

W 

Subscripts 

fuselage 

horizontal  tail 

MODEL 

The wing-fuselage and wing-fuselage-tail  cornbinations (fig. l (a))  
&caployea the  twisted  and cambered'wing of reference 3. having the NACA 64A 
thickness  distribution. For the  unmodified wing, this  distribution of 
thickness was combined  with an '9" = 0.8 modif$-& . m - ~  line ha-g an ideal 
lift  coefficient of 0.4 to form the  sections  perpendicular  to  the  quarter- 
chord lFne af the  -wept  wing panel. The thiclmess-chord  ratios of theee 
sections  varied From 14 percent  at  the  root to 11 percent a t  the  tip. 

". 

. .  

- -  - 

The chords of the  leading-edge extensions .were a cowtant percentage 
of the orig- chords and the extensions extended .f'ram either 43 percent 
of  the span to  the wing tip o r  from 60 percent  of the span .go. the w i n g  tip. 
The  coordinates of the  extensions  were  obtained by extentling the wing Bec- 
tiom perpendicular to the wing sweep axis forward 15 percent and modifying 
the m e a n  line and thickness  distribution  of  the  sections &E shown fn 
figure l ( b )  . The eXeemiona fee+ €nto-~e. .or3.ginal  Kfng at approximately 
4.0 percent of t h e  Cplord a&were- similar ta the forward part of the  origi- 
nal section  except f o r  reduced thickness ratio and nose radii: The  reduc- 
t ions in nose  radii  amounted  to  approximately 23 percent.  The  inner  faces 
of  the  exbensioni  were parallel to  the  free  stream  and  the  exteneions 
ikeased the Xing area .by either 4.6 or 6.3' percent. 

. -. .. 

.. . - 

* 

m e  wing was constructed 'of solFd steel and the  surfaces  were pol- 
. .. 

ished  -00th. The  leading-edge  extensions  Were  constructed of stee l  
plates  covered with a tin-biamuth a l l o y  contoured, t o  the  desired  s.ection. r 
For thitll investigation  the  angle  of  sweepback of the  quarter-chord  llne 
of the unmodified w h g  was and the  aspect ratio of the  unmodified wing - 
+e 7.0. 

. - . . y"-iy ,"" - 
. .  



- 
Twist was introduced by rotating  the streamwise sections of the w i n g  with 
40’ of sweepback about the orfglaal  leading &e while maintaining the 
untwisted projected p lan  form. The variat ions of txiet  and thiclmess  katio 
along the semispan o f  the unmodified WLng are shown in figure l ( c ) .  

4 

The fuselage employed for  these  teats  consisted of a  cylindrical mid- 
section with simple fairings  fore qnd aft. Coordinates of the  fuselage w e  
l i s ted  in table I. The fuselage had a  fineness ra t io  of 12.6 and was 
located with respect t o  the wing, so that the upper surface of the wing 
was nearly tangent t o  the top of the  fuselage a t   the  plane of symmetry. 
The angle of incidence of the wing r o o t  with  respect t o  the  fuselage  center 
l ine  was 3O. The fuselage shell was constructed of alminum and was st i f f -  
ened with a heavy steel structural member. 

The all-movable horizontal tail had an aspect  ratio of 3.0, a t a p e r  
ra t io  of 0.5 &nd bo of  sweepback.  The axis about which the incidence of 
the  horizontal tai l  was varied was a t  53.4 percent of the tail r o o t  chord. 
This hinge axis was a t  the  lntersection of the  fuselage  center line and 
the plane of the w i n g  roo t  chord (see  f ig .   l (a)) .  The t a i l  was constructed 
of solid  steel  and the  surfaces were polished m o t h .  

7 

Figure 2 shows photographs of the model mounted in the wind tunnel 
w and one  of the lea--*edge extensions. The turntable upon which the model 

was mounted i s  directly connected t o  the balance system. 

The data have  been corrected  for  constrictFon  effects due t o  the 
presence of the tunnel walla by the method of reference 4, for tunnel- 
wall interference  originating f’ram lift on the ,model  by the method of 
reference 5 ,  and f o r  (bag tares caused by aerodynaac  forces on the turn- 
table upon whlch the model was .mounted. 

The corrections t o  dynamic pressure, Mach number, angle of attack, 
drag coefficient, and t o  pitching-moment coefficient were the same as 
those used for  references 2 and 3 and are   l is ted i n  table 11. 

RESULTS AND DISCUSSION 

Tests were conducted t o  determine the  longltudiml  dharacteristics 
of the wing-fuselage cambination with  leading-edge chord extensions f r o m  

results of these  tests  are shown i n  figures 3 through 10. Results of 
tes ts  of the  wing-fuselage-tail combination with wlng leading-edge chord 

L 0.45 sanispan t o  the WFng t i p  and f r o m  0.63 semispan’ t o  the wing t i p .  The 

- extensions are presented i n  figures U through 18. 
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Wing-Fuselage Combination 
. -  L 

.. . 

Figure 3 shows the  effect  of the  leding-edge chord extensions on 
the  longitudinal  chara.ctqi+tics of  the  wing=fus*ge co@+ation a t  a 
Mach number of 0.25 and a Reynolds number o f  8 .mLLlion.  The addition of  
the chord  extenaions  increased  the  lift-curve slope in  about the same 
proportion  the wing area was fncreased and resulted i n  small increases 
i n   t h e  lift coefficient a t  which la rge  changes i n  s ta t ic- longi tudlnd .. 

s t a b i l i t y  first occurred. The extension from 0.60 semispan t o   t h e  t i p  
reduced the .magnitude of   these  s tabi l i ty  changes a t  high lift coefficients.  
Figures 4 through 7 show the   e f f ec t   o f the   l eaqg-edge   ex tens ions  on the  
longitudinal  characterist ics of the  xhg-f'welage combination a t  Mach 
numbers up t o  0.92 and a t  a Reynolds number of  .2 million. . As was t he  caee 
a t  low speed and high Reynolds number, the extensions generally  increased 
the  liFt-cUrpe  slopes-at  the high? lift coeff ic ients   ( f ig .  4) and less- 
ened the   sever i ty  of the changes i n  pitch- moment e t h  inqeasing l i f t  
coeff ic ient   ( f ig .  5 ) . .  A t  .most Mach numbers, the  shorter  chord  extension, 
from 0.63 semispan to   t he   t i p ,   d id   no t  have-much ef fec t  on t he  lift coef- 
f i c i en t  a t  which these changes occurred; however, the  longer exteneion, 
0.43 semisp~~ t o   t h e   t i p ,  reduced the  lift coefficient f a r  i n s t a b i l i t y  
a t  Mach numbers f r a m  0.60 t o  0.83. The effect  of the leading-edge exten- 
sions on the  drag and the   l i f t -drag   ra t ios  o f t h e  combinatlon are shown 
in figures 6 and 7, respectively. The extensions  incresed drag s l igh t ly  
a t  low and m o d e r a t e .  lCft coefficients,  but  reduced  drag a t  the  higher 1jZt ~. 

coefficients.  

." 

. . "" 

. -  

.I 

. " 

The effect of the  leading-edge  extension frA 0.60 b/2 t o   t h e   t i p  
on the  longitudinal  characterist ics of the cambination are compared in 
figure 8 with  the  effect  o f  the best  arrangement of  fences  previously 
tes ted  on this wing and  reported i n  reference 3 .- Both  devices increased 
the  l if t-curve  slopes of  the  cambination a t  high lift coefficients 
( f ig .  8(a) ) . For the wing with  leading-edge &ensions these  increase8 
were due, a t  least in", to   the  increased WFng mea. The addition of  
fences improved the   &abi l i ty  of the   cmbina t ion   to  a much greater degree 
than did  the leading-edge  extension,  both in regard  to increasing t he  lift . 

coefficient st which abrupt  changes-in  stability  occurred and i n  reductng 
the  magnitude of these- changes ( f i g .  8 ( b ) ) .  Drag penalties  associated 
with  the  fences a t  low anti moderate lift coefficients  usually were s l igh t ly  
higher  than  those  for  the  leading-edge ..&.ensign- ( f ig .  8(  c) ) . T h i s  i s  
shown more clearly by the   l i f t -drag   ra t ios  which are compared i n  
figure 8(d) . 

Effects of Mach number.- The effecta of Mach number on the  lift and 
pitching-moment curve  slopes a t  a lift coefficient of 0.4.are shown i n  
figure 9 for the  wing-.fus.dage  combination with  the unmodified wing, the  
wing with 1eadLnp-e. chord extensiona,. .~~_th_e__~~ with the  best  fences 
found in  the investigation reported i n  reference 3. The lif% character- 
i s t i c s  of t h e  .model with t he  leading-edge  extensions or fences were less 

. " 

. .  

* 
. .  
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- 
affected by increasing Mach number than  those of the combination with the 
unmodified wing;  however, increasing Mach nunber cawed m o r e  pronounced 

edge extension than for  the combfaation wLth the unmodified wing or the 
wing with  fences. F i k e  10 ahows the effect of Mach number on the d m g  
coefficients of the *-fuselage cambination-for  several  constant lift 
coefficients. The Mach numbers f o r  dzag divergence (defined as the Mach 
number a t  whieh dCD/dM = 0 .lo> of the combjnation were on ly  slightly 
affected by the  addition of leading-edge extensions o r  wing fences. These 
values of  drag-divergence Mach rider and the corresponding dxag coeffi- 
c imts   a re  compared with  those for the combination with the unmodified 
w i n g  i n  the  following tables : 

- and varied changea in the stability of the combination with either  leading- 

~~ 

M f o r  drag  divergence 

CL Leading-edge Leading-edge Unmodified 
fences 0.60 b/2 to t i p  0.45 b/2 t o  t i p  *g 

Wing with extens ion earn extension f r o m  

0.20 

.82 .80 .82 .a .60 

.84  .82 .84 .82 -50 

.86 .84 ' .e6 .84 .40 
0.9 0.89 0 -90 0 .g1 

'Daivergence 

CL Leadfng-edge Leading-edge Unmodified Wing extension *om extension from 
wFn@; fences 0.60 b/2 t o  t i p  0.45 b/2 t o  t i p  

0.20 

-0365 .034o -0348 00330 .60 -029.5 ' 02-73 =@92 .0265 * 5 0  

.0250 .0232 .0238 -0235 .40 
0 .oao 0 .Olga o .0185 0.0190 

The effect of b k c h  number on the maximum lift-drag ratios and the l i f t  
coefficients  for max%mum,lift-drag ratio are shown for  the  various wing 
modifications in  figure LO. . 

Effects of  Reynolds  number.- A compazison of  the 6ata of figure 3 
with the data in figures 4, 5, and 6 indicates that increas- Reynolds 
number from 2 million t o  8 million had a large  effect on the  longitudinal 
characteristics of the wing-fuselage combination a t  a Mach number of  0.25. 
It' is poss ib le  that the  test   results at higher Mach numbers may have  been 

they were obtained. Caution should be exercised in applying  these  results 
t o  the  prediction of the characteristics of a full-scale airplane.  

* affected by the  cmpazatively l o w  Reynolds nzdnber (2 million) at w h i c h  

1 
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WFng-Fuselage-Tail . Combimtlon 
. .  

The wing-fuselage-tail combination was tested with both lea*-edge 
extensions  and  the results a r e   c a p r e d .  with  thoae  for  the unmodified com- 
bination in figure 11. Figure 12 shows the  effect  of the  leading-edge 
extensions on the  pitching-moment contribution of the  horizontal  tail. 
Figures 13 and 1 4  s_w?nasize_ the eff e.cta.-of the  extensions on the longi- 
tudinal   character is t ics  of the .model and compare these  effects  with  those 
of the  best  arrangement o f  fencea  found in the  investigation of refer- 
ence 3. The cross  plots in figures 13 and 1 4  are f r o m  the data presented, 
i n   f i gu res  U. and 15. Figure 15 shows, for  several tail an.gleB of inci- 
dence, t h e   l a n g i t u d m   c h a r a c t e r i s t i c s  of the model with  the  leading-edge 
extension from 0.60 semispan t o  t h e   t i p .  

. .  

A comparison of  the data in figures 8 and 11 shows that the  effect  
of  the  extensions on the  longitudinal  characterist ics of the wlng-fuselage- 
tail combination was generally similar t o   t h e   e f f e c t  of the  extensions 
on the  model without the t a i l .  A t  low speed-  and up t o  moderate lift coif- 
f i c i en t s  a t  high  speeds the  extensions  did  not  significantly  affect  the 
t a i l  contribution t o  s t a b i l i t y   ( f i g .  12) ; however, the  extensions,  except 
a t  a Mach number of 0.80, Increased  the lift coefficient a t  which l a rge  
changes i n   s t a b i l i t y  first occurred  and reduced the  magnitude of these 
changes at  all hch numbers ( f ig .  U) . 

' Effects  of Mach number .- Figure 1 3  shows the  variation  wtth Mach 

.. - - 

. "  

I .- 

number of the  slopes of  the lift and pitching-moment c m e s  of t he  wing- 
fuselage-tail  combination xith the unmodiIied wlng, with chord  extensicme, 
and  with  the best fences  reported in  reference 3.- The slope of t he  
pitching-moment curye .of.-the..combinationwitheithere chord extermion 
or  the  fences  appeared  to be less affected by increasing Mach number than 
the  s lope  for   the model with the  unmodiffed wing.. The effect  of Mach 
number on the drag  coefficients o f  the. CombimtJ-on. with ..&d .wLt!hout.  the:. 
extension from 0.60- semispan t o   t h e  t i p  a r e  shown i n  figure 1 4 .  Although 
the  available data for the unmodified wing w e r e  meager,.the  extension had 
no apparent effect on the Mach numbers for  drag  divergence. 

. .. , 

. .. 

. " ." 

Lift-drag-ratio  camparisom .- Figure 16 shows . the  variation  with Mach 
number of the  l if t-drag  ratio,   the  corresponding  tail- incidence angle, 
and l i f t  caeff ic ient  f o r  a bypothetfcal  airplane in  level,.f'light a t  
&O,OOO feet.  Tail-incidence d e s  & i d  ~ ~ f i - d r a g  ra t ioa  axe comp&ed f& 
the  airplane  with  the unmodifLed wing o f - t h e  subfe-ct investigation w M c h  
used the  NACA 64A thickness  distribution,  this wing with  the  leading-edge 
extension fram 0 .a b/2 t o  the t i p  and this w3ag with its best  fence 
arrangement  (see ref. 3) .  Also included 3 n  this cwrpariBon are daw from 
the  investigation  reported i n  'reference 2. The model used in th i s   inves t i -  h 

gation was. similar t o  t h e  model of the  subject  Investigation.  except that 
the wing had the  NACA four-digit  thiclmess  distrlbution. The results 
shown f o r   . t h i s  model are for the  b-est .apaagement 02 fences. It wqs 

." - "I^" . . . .. " 

. ". . - 

L .  

." .. - - 
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assumed that the  airplane had a wing loading of 75 pounds per sqmre  foot 

dynamic chord of the unmodified w i n g .  It was a lso  assumed that the  air- 
plane with the unmodified &A wing-trfmmed.at  the same tail-incidence 
angles as w i t h .  the 64A wing with fences. The lift-drag  ratios o f  the 
airplane  using  the 64A wing with the  extension from 0.a semispan t o  the 
t i p  were equal a t  subcritical speeds t o  those of the  airplane with the 
unmodified 64A wing and w e r e  slightly higher than  those of the unmodified 
airplane a t  supercritical. speeds; by compaPison, t4e  best arrangement of  
fences found i n  the  investigation of reference 3 reduced the  lift-drag 
ratio about 8 percent at Mach numbers from 0.70 t o  0.86. It is of interest 
t o  note that at  supercrit ical  speeds, the &ombination using  the  four-digit 
wing with  fences had higher lift-drag  ratios than any of the 64A configura- 
t i ons .  A t  least  part of the  lift-drag superior i ty  of the combinatian ' 

using the 64A wlng with the leadin@;-edge extension ar  the four-digit wing 
with fences was due t o  the comparatively l o w  tail-incidence  asgles  required 
t o  t r i m  these combinations. 

- and that the  center of gravity was a t   the  quarter  point of the m e a n  aero- 

Longitudinal characteristics of  the  wing-fuselage-tail combination .- 
The combination with the  extension f r o m  0.60 semispan t o  the t i p  was t 
tested with a horizontal tail at several angles of incidence t o  determine 
the  effect of the tail. on the  longitudinal  characteristics and the  effec- 
tiveness of the   t a i l   as  a longitudbal  control. The results of these 
tes t s   a re  shown by the lift, drag, and pitching-moment data i n  figure 15- 
These data show t h a t   a t  most Mach numbers, the addition of the tail had 
only small  effect on the lift and drag of the cambination. The lrfst coef- 
ficients a t  which large changes tn longitudinal s t a b i l i t y  f i r s t  occurred 
wee  usually-slightly  larger  with  the tail than  without it. 

., 

The factors which detersline the tail contribution t o  the  atabil i ty 
are shown in figure 17 as a function of angle of attack  for  several -test 
condLtions. The  method used t o  calculate  the  effective dowawash angle 
E ,  the tail efficFency factor  qt(qt/q), and the  ratio of the  liFt-curve 
slope f o r  the  isolated tail t o  the  lift-curve  slope of the wing-fuselage 
combination q"&w+t was the s a m e  as that descrihed in reference 2. The 
results of these  calculatians show that the  reductions in pitching-moment 
m i a t i o n s   a t  ,moderate lift coefficients  with  the tail on were mostly"f&ue 
t o  an increase in the  factor at/aw+t with increasing lift coeffici&t. 
i n  a manner which offset the reduction i n  s t a b i l i t y  of the wing-fuselage 
combination. This was t rue   a t  most Mach numbers. At the higher lift 
coefficients and a t  a Reynolds numb= of 2'miLlion,  the r a t e  of change 
of downwash with angle of attack and the tail efficiency  factors w e r e  
usually higher for the combination w i t B  the unmodified wing than  for  the 
cambjnation with the  extension.  Figure 18 shows the  varfation  with Mach ' 
number of t h e   t a i l  control  effectiveness parameter ,&&it and the .  
f'tctors  affecting  the stability contribution of the  horizontal  tail.. T a i l  
control  effectiveness increased moderately with increasing Mach number 
and was slightly larger for  the model w i t h  the unmodified w i n g  than f o r  
the model with the leading-edge extension. 

4 

I 



10 NACA RM A55I29 

" 

A wind-tunnel hves t iga t ion  has been made of a "fuselage and a .  
wing-fuselage-tail combination having leading-edge. ,extensions on a 4.0' 
sweptback wing. The.unm@ified d n g  had -an aspect   ra t io  of 7.0 and NACA 
64A thickness  distribution.. -The -following conclusiqna . .  w e r e  Indicated.: 

. .  

. . 

1. The addition of a leading-edge &eiiSian...f%om 0;-60 semispan t o  
the  wing t i p  elimFnated large cPlanges f q  longitudinal.  stability 'of the  
w5ng-fuselage-tail  combinatlon up t o  lift coefficients i n  excess of 1.0 
a t  l o w  speech and r e s a t e d  slight increases. In the  lift coefficients 
a t  which large changes in  stabFlity occurred a t  bigh subcr i t ica l  and 
supercritical  speeds. fh this  regard,  the chord extension was not BO 

effect ive as the  best  combination  of wing fences  previously  te8ted on 
the  wing. . . . . . - . . . . . . . ~ . - - "_ - 

2.  The chord  extension  did  not  decrease  the t r i m  l i f t -drag  ratioB" "- 

of  the  wing-fuselage-tail combination a t  high >subcritical.speeds and 
increased them s l igh t ly  a t  supercr i t ical  speeds, whereas the  fences caused 
about an 8-percent-  decrease i n  lift-drag r a t i o  a t  Mach numbers from 0.70 s 
t o  0.86. As was the.case  with  the wing fences,  addition of the  chord 
extension had only"Smal1 .eflect  .on t h e .  Mach numbers for  drag  divergence. 

" 

.. . 

w-.- " 

3.  The leading-edge  extensions had l i t t l e   e f f e c t  on the tail contri- 
bu t ion   t o   s t ab i l i t y  at. low speed  and at mod&ate llft coefficients at 
high  speed. . .. . - . "   . .  " .. _" 

. .. 

Ames Aeronautical  IXboratory 
National  Advisory Cotmuittee f o r  Aeronautics 

Moffett.  Field, Calif., Sept . 29, 1955 
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butions. NACA RM A34El.8, 1954. 
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where : 

Distance f 'ram nose, Radius, Distance from nose,  Radius, 
in. in. in. in. 
0 0 60.00 5 * o o  

1.27 
2.54 

5 70 .oo 1.04 

4-83 82.00 2 -33 5.08 
4.96 76.00 1.57 

2 0 . 3  4.44 94 .oo 4.27 
30 47 4 . 9  

0 126 .oo 5 0 0 0  50 .oo 
3.03 106.00 5 .oo 39 9 44 
3 *77 loo .oo 

10.16 4 . a  88.00 3.36 

TABLE U: .- CURREc;TIONS TO lbclTA 
(a) Corrections for  constriction effecte 
'I C&e&ed ' 

guncorrected Mach number Mach number 
Qorrected Uncorrected 

0.25 

1.024 899 -92 
1.020 .a83 * 9 0  

1.017 .866 88 
1.015 .848 .86 
1 .ox! .821 9 83 
1.010 0793 .eo 1.007 .696 .70- 
1 .om3 599 .60 
1.003 0.250 

(b) Correctiom for tunnel-wall Interference 

& = 0 . 4 5 m  
= 0 . 0 0 6 6 2 ~ ~ ~  

a t a i l  off - K I C L t a t l  d f  
- 
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for  details of leading- 
See figure IW 

# 

edge extensions- /;,' / 

- 
I * 

Leadlng-edge  extension from 0.45 !+ 
Nota: 

(0 Unmadified  wing sactctions perpendicular 
to  the sweep a d s  hava N U  e4A 
thidcners dlstributlano combined wlih 

(2) Horizontal-tail sectlons perpendidor 
a'~ NACA a50.8 (madlfiedl mean One, 5'0.4 

to tha sweep a's have NACA 0010 
thickness distributions. 

(3) All dimensions in inches. 

f u s e l a g e   c a o r d i n a t g  
See table I for 

J 6 . 0 0  

Leading-dge extension from 0.60 $ 

(a) Dimensions. 

Figure 1 .- Geometry of the m o d e l .  
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. -  - 

The mean line for the leading-edge extenslon 
(a = 0.8 , c.= 0.31) fairs into the original mean 
line (a=0.8 , cii= 0.4) at the point  of zero slope. 

4 

Mean-line modification 
i., 

@ -  

- Profiles for the leading-edge extensions  fair  into 
the original wing ot  approximately 40 percent of 
the original chord and are similar to the forward 
portion of the original  section  except  for reduced 
thickness ratio and leading-edge radii. 

4 . 1 5  c 'kor ig ina l  leading edge 

Typical modified section 
(b) Details of leading-edge extension. 

Figure 1 .- Continued. 
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- 
0 .- c e 

.14 

.I 3 

.t2 

.I I 

-6 

-5 

-4 

-3 

-2  

-I 

0 

Fraction of semispan, q 

( c )  Distribution of twist and thickness r a t i o .  

Figure 1.- Concluded. 
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Figure 2,- Photographe of the model. 
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1 I a" 

Figure 3.-  The effect of lea--edge extenslone on the longltud;laal characterietics of t h e  
wing-fuselage combination; M = 0.25, R = 8,000,OOO. 
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0 

(a) Leading-edge extension from 0.45 b/2 t o  tip. 

Figure 4.- The effect o f  leadlng-edge  externions on the lift characteristics of the KLng-fuaelage 
comblnatlon at several WBch numbere; R = 2,0QO,OOO. 
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Figure 5.- The effect of leading-edge extensions  on the pltchlng-moment  characteristics of the 
wing-fueelage  combination at several Mach numbera; R = 2,00(3,000. 
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(b) LBading-eage extenelon Awn 0.60 b/2 t o  t i p .  

Figure 5 . -  Concluded. 
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CL 

CD 

(a) Leadlng-edge extension from 0.45 b/2 to tip. 

F l g u r e  6.- The effect of leading-edge extensions on the drag characteristics of the wing-fuselage 
combination at several Mach numbers; R = 2,000,000. 
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I 
(b )  k a l n g - e a g e  extension from 0.60 b/2 to t i p .  

Figure 6 . -  Concluded. 
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(a) Lift-drag ratlo.  

Figure 8.- Conduded. 

. . . . . . . 

I 

. .  



NACA RM A55229 -It 

0 .I .2 3 A .5 .6 .7 .8 .9 Io 
M 

Figure 9 .- The variation with Mach number of the slopes of the lift and 
pitching-moment  curves of the a - f u s e l a g e  combination -Kith and without 
leading-edge extensions and wing fences; CL = 0 .kO, R = 2,000,000. 
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10.- The variation with Mach  number of the b a n  coefficients 
..: . 

the maximum 
a;nd without 

' 1  

l i f t - & a R  ratios of the wing-fuselage &&ination with 
leading-&= extensions and dng fences; R = 2,000,000. 
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1 
.” 
- 5 0  5 IO 6 20 ( F a  Wa25, R=8,004000) 

a 

(a) ~ift. 
Figure U.- The effect of leading-edge extenslons on the  longitudinal  characteristics of the 

~ g - f w ~ a g e - t a ~  combination; it = -8’. 
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Figure 1l.- Continued. w w 
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4 
(a) Lift" ratio. 

Figure 11 .- Concluded. 
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a ' w + f  + 

M 

Figure 13.- The variation wfth hch number of the  lift and pitching- 
moment curve slopes of t he  wing-fuselage-tail combination with and 
without a leading edge extension and w i n g  fences; = -80r 
CL = 0.40, R = 2,000,000. 
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M 

Figure 14.- The variation with Mach nmber of the d r a g  coefficients of 
the wing-fuelage-pil cambbt ion  with and without a leading-edge 
extension;  it = -8 , R = 2,000,000. 
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re 15.- The longitudinal character ls f lce  of the combhation with 8 leading-edge extens 
from 0.60 aemfapan Go the wing tip and a horlzontal t a i l .  
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(a) M = 0.70, R = 2,000,000. 

Figure 15 .- Continued. 
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( e )  M = 0.80, R = 2,000,000. 

Hgure 15.- Continued. 
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c, 
(f) M = 0.83, R = 2,000,000. 

Figure 15 .- Continued. 
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(g) M = 0.86, R = 2,ooO,ooO. 

Figure 15.- Continued. 
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(h) M = 0.88, R = 2,000,000. 

Figure 15.- Continued.. 
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(I) M = 0.90, R = 2,000,000. 

Figure 15.- Continued. P ul w 
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Figure 15.- Concluded. 
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Figure 16 .- The variation with Mach number of lift coefficient tail- 
Fncidence angle, and lift-drag ratio for hypathetlcal airplanes in 
level flight at 40,0b0 feet; W/S = 75 pounds per square foot. . 
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Fjtgure 17.- The variat ion with angle of attack of the fac tors   a f fec t ing  
the s tabi l i ty   contr ibut ion  of  the horizontal tail. 
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Mgure 18.- The variation with Mach number of the control effectiveness 
and  the factors  affecting the stability contribution of the horizontal 
tau; a = 4O, R = ~ j ~ ~ , ~ o o .  



. r  ... 

t 
a 

I 
t 

I 
f 

" 


